The study was carried out to investigate the concentrations of heavy metals in soil samples and edible vegetables (Heinsia crinita and Gnetum africana) grown within fungicide treated cocoa plantation in Akamkpa communities of Cross River State Nigeria. In each sampling community, the edible vegetables and soil samples were collected for the period of three months (March to May) and were replicated three times. The levels of heavy metals in soil and edible vegetable samples collected were determined using Atomic Absorption Spectrophotometer. The concentrations of heavy metals in soil samples collected from fungicide treated coca plantations were higher than those recorded in the control location in all the sample locations. The concentrations of heavy metals in edible vegetables (Heinsia crinita and Gnetum africana) collected from fungicide treated cocoa plantations exceeded the maximum permissible limits values of heavy metals for edible vegetables. The soils and edible vegetables (Heinsia crinita and Gnetum africana) in the fungicide treated cocoa plantations in Akamkpa communities are contaminated by heavy metals and may pose serious adverse health effect to the consumers and the ecosystem.
INTRODUCTION
The use of chemical pesticides in cocoa plantations in Nigeria has seen a sharp increase in recent years. Farmers in Akamkpa Local Government Area of Cross River State use chemical pesticides as a preventive and control measures against the possibility of devastating crops loss from pests and diseases and also to increase its yield. Chemical pesticides have been employed in cocoa plantations to control and eradicate pests and diseases and also to improve the yield of the crops in the area for several decades. However, there has been a rapid increase in the quantity and use of pesticides in cocoa plantations over the past two decades (Hodgson, 2003) . The use of chemicals pesticides to control fungal diseases of cocoa has already caused grave damage to the soil, vegetables, water resources and the entire ecosystem, resulting in the health risk (Alloway, 1995) .
Pesticides are widely used in cocoa plantations in Akamkpa Local Government Area probably due to the farmers' perception of insects and diseases control. This is because it is profitable, and no better alternatives measures are available, then spraying of pesticide is a good investment in the area (George, 2006) . Pesticides are synthetic chemicals that are purposely applied to the environment with aim to suppress diseases and pests of plant and animal and also to improve their output.
Although, there is an increasing demand for cocoa beans (Taylor, 2000) , pests and diseases pose a major challenge to its production (Bowers et al., 2001) . Phytophthora pod rot (black pod) is the most prevalent disease of cocoa in Akamkpa Local Government Area (Isong, 2007) . The disease is caused by Phytophthora palmivora and Phytophthora megakarya. The control of black pod disease is a major challenge for world cocoa cultivation. According to Tan and Tan (1990) , several methods have been adopted by researchers and farmers to control Phytophthora pod rot of cocoa. The most common is the routine use of fungicides to supplement good farm management practices. Among the different types pesticides known, coper based fungicides are extensively used by farmers, because of their cost effectiveness and their broad spectrum activity. According to Bempah et al., (2011) , copper based fungicide is toxic, persistent nature, and the residual effect in the crops grown is detrimental to health. Repetitive applications (6 to 9 sprays/year) of copperbased fungicides in cocoa plantation bring serious risks to human health and an adverse effect on the sustainability of the agro-ecosystem. Juraske et al. (2001) observed that exposure to pesticide residues through the diet is assumed to be five times higher than exposure routes of air and water in magnitude. According to the World Health Organization (WHO, 2001) , food consumption consists an average of 30% (Based on mass) of fruit and vegetables, and vegetables are the most frequently consumed. Since vegetables are mainly consumed raw or semi-processed, it is expected that they contain higher pesticides residue levels. Given the potential risk of pesticides for public health, the use of pesticides to control cocoa diseases in cocoa plantations in farming communities of Akamkpa Local Government Area is of great concern to the consumers because of its health implication. Although, pesticide residues in foodstuffs have been carried out for decades in most developed countries (Claeys et al., 2011) . However, edible vegetables grown within fungicide treated cocoa plantations in Akamkpa Local Government Area are not much investigated from pesticide contamination point of view. Everyday, people are being encouraged by physicians to consume more vegetables for their health benefit. Therefore, the objective of this study was to assess the concentration of heavy metals in edible vegetables grown within fungicide treated cocoa plantations in two communities of Akamkpa Local Government Area of Cross River State and to create awareness on the effects of heavy metals on human beings and the environment and the potential health risks associated with the pesticide residue with regard to consumers.
MATERIALS AND METHODS

Study area
The study was conducted in two cocoa plantations in Akamkpa Local Government Area of Cross River State Nigeria. The cocoa plantations were located at Old Ndepiji community and Owon community. In each of this community, there is a cocoa plantation that was (Adeyeye and Balah, 2007) . Indigenous vegetable and fruit crops such as Heinsia crinita, Gnetum Africana, Lasienthera Africana, Mangifera indica are grown within cocoa plantation for consumption and to provide income to the farmers. These vegetables are consumed on daily basis. They are cooked in almost all the hotels, restaurants and bars in these communities. These indigenous vegetables are also importance dishes in all traditional feasts or parties (naming ceremony, birth day party, traditional marriage, wedding ceremony and burial ceremony) in the communities. Each year, chemical pesticides mostly copper based fungicides are sprayed in cocoa plantations where these indigenous vegetables and fruit crops are grown together with the cocoa trees. According to Ukpong (2010) chemical pesticides are sprayed in cocoa plantations for about 6 to 9 times of high doses in a year depending on the variation of rainfall pattern to control or reduce the impact of pests and diseases in their farms.
Realizing the wide usage of these indigenous vegetables (Heinsia crinita, and Gnetum africana) in the studied communities, it become necessary to ascertain the concentrations of heavy metals in these vegetables and the effect to the well-being of the consumers.
Materials
Samples of soil and leaves of Heinsia crinita, (Atama) and Gnetum Africana (Afang) were collected from treated cocoa plantations in the two different communities (Old Ndepiji and Owon) in Akamkpa Local Government Area of Cross River State and the control location was a bush 
Methods
Preparation and preservation
Samples of leaf Heinsia crinita (Atama) and Gnetum africana (Afang) were washed in fresh running water to eliminate dust, dirt, possible parasites and then were again washed with deionized water. The clean leaves samples were air-dried and placed in an electric oven at 65°C for 48 hours. The dry leaves samples were homogenized by grinding using a ceramic coated grinder and used for metal analysis. All soil samples were spread on plastic trays and allowed to dry at ambient temperature for 8 days. The soil samples after drying were ground with a ceramic coated grinder and sieved through a nylon sieve. The final samples were kept in labeled polyethene containers at ambient temperature before analysis.
Digestion and determination
Five (5) grams of leaves samples were weighed into 50ml beakers, followed by the addition of 20 ml mixture of analytical grade acids HNO 3 :HCIO 4 in the ratio 5:1. The digestion was performed at a temperature of about 150°C for 2 hours. After cooling, the solution was made up to a final volume (50 ml) with distilled water. The metal concentrations were determined by atomic absorption spectrometry using a Unicam Model 299 Atomic Absorption Spectrophotometer (AAS). Analysis of each sample was carried out three times to obtain representative results and the data reported in mg/kg (on a dry weight basis).
Data analysis
Data were generated in triplicates and expressed as mean (±) standard deviation and was determined according to the method of Steel and Torrie (1980) . Significant differences were determined by the LSD (probability level of 0.05 was considered statistically significant).
RESULTS
The mean values of heavy metals Copper (Cu), Lead (Pb), Zinc (Zn),Iron (Fe), Cadmium (Cd), Chromium (Cr) and Nickle ( Ni) contents of soil samples obtained from two cocoa plantations (Old Ndepiji and Owon) and the control at Mfanosing is shown in (Gutormsen et al., 1995; Kabata-Pendias and Pendias, 1992 Cd observed in the plant samples (Heinsia crinite and Gnetum africana) were (1.04 ±0.05 and 0.51±0.15), (1.02±0.03 and 0.98±0.10) mg/kg respectively. The low values of heavy metals observed in plant samples collected at Mfamosing bush fallow (control site) may be attributed to the fact that the area is free from chemical pesticides. The mean values of Ni contents recorded in indigenous vegetables (Heinsia crinite and Gnetum africana) obtained from Old Ndepiji and Owon community cocoa plantations were (7.11±0.02, 8.05±0.10) and (7.21±0.02, 7.05±0.10) mg/kg respectively. In Mfamosing, the mean values of Ni recorded in (Heinsia crinite and Gnetum africana) were (1.75±0.25 and 1.20±0.10) mg/kg respectively. However, the high concentrations of heavy metals recorded in the indigenous vegetables collected from the two cocoa plantations may be due to bioaccumulation of these metals in the plant tissues.
DISCUSSION
The concentrations of the heavy metals observed in soils obtained from fungicide treated cocoa plantations in the communities of Akamkpa Local government Area of Cross River state, Nigeria were higher than the concentrations of heavy metals observed in soil samples from Mfanosing bush fallow (control location). The higher concentrations of heavy metals recorded in the soil samples collected from fungicide treated cocoa plantations may be due to the frequent applications of chemical pesticides to control the diseases of cocoa and to increase its yield in the plantations. The result was in line with the work of (Nzegbule, 2007) who reported the higher concentration of heavy metals in soil obtained from pesticides treated cocoa plantations in Umuahia, Abia State of Nigeria. The soil samples obtained from fungicide treated cocoa plantations in the two communities (Old Ndepiji and Owon) showed a significant increased (p<0.05) for all the metals analyzed. The result obtained from the analysis showed that the soil and vegetables obtained from the fungicide treated cocoa plantation were higher than those obtained from the control location. The lower values of heavy metals observed at the control site (Mfamosing bush fallow ) in the soil samples may also be attributed to the fact that the area is free from chemical pesticides application. Since the area does not engage in cocoa plantation practice. The concentrations of the heavy metals in the soil samples obtained from the fungicide treated cocoa plantations communities were higher than the FEPA (1991) and WHO (2001) The edible vegetables (Heinsia crinite and Gnetum africana) obtained from fungicide treated cocoa plantations communities of Akamkpa Local Government Area recorded the highest concentrations of heavy metals. The concentrations of the metals in edible vegetables obtained from fungicide treated cocoa plantations were higher than those obtained from the control location (Mfamosing bush fallow). The result was in line with the work of Ekpo et al. (2014) who reported the bioavailability of heavy metals in chemical polluted environment. The bioavailability of heavy metals recorded in edible vegetables obtained from fungicide treated cocoa plantation may be attributed to the frequent applications of this pesticide to increase the yield of cocoa and also to control the black pods of cocoa caused by a fungus (Phytophthora palmivora) in the cocoa plantations.
The situation is increasingly becoming a concern to the rural farmers in cocoa producing communities in Akamkpa Local Government Area of Cross River State as the business expanding and pesticides applications are carried out without any control measures.
The results obtained from laboratory analysis indicate that soils and edible vegetables obtained from fungicide treated cocoa plantations communities in Akamkpa Local Government Area are contaminated with heavy metals.
Scientists have reported that heavy metals encouraged tumor and mutations at greater amounts in animals and they have capacity of producing genetic harm to germ cells of both male and female animals (Hayes, 2004) . Wagner (2003) reported that heavy metals are growing toxins which through biomagnifications and bioaccumulations in plants affect the health of humans. Heavy metals are extremely poisonous at comparatively smaller amount in animal including human beings. Ingesting food or drinking water with very greater degree of heavy metals relentlessly infuriates the stomach results in diarrhea and vomiting (Hayes, 2004) . Dudka and Miller (2009) reported ways for the connection of heavy metals to the human body comprises direct breathing of polluted air, drinking of polluted water and direct contact with soil and ingestion of food comprising of plants grown in metal-polluted soil.
Heavy metal-polluted food can severely reduce some vital nutrients in the body that are accountable for declining immunological defenses, growth delay, reduced psychosocial abilities, and increases greater occurrence of upper gastrointestinal cancer degrees (Arora and Musa, 2008) . More et al. (2003) reported that heavy metals are nonbiodegradables and they are recognized as environmental contaminants causing cytotoxic, mutagenic and cancerous (carcinogenic) effects in animals. The biotic half-lives of these heavy metals are lengthy and furthermore they have capacity to store in various organs of the body and therefore causing health problems in human. Continuous exposure of heavy metals in soil and edible vegetables may lead to the accumulation of these heavy metals in kidneys, causes kidney diseases, lung disorders like bronchiolitis, emphysema and alveolitis (Smith, 2010) . Heavy metals are also known for its toxicity and negative impacts on human health. Absorption of swallowed heavy metals may have a severe danger to public health. Some long lasting negative impacts of Lead toxicity includes colic, constipation and anemia (blood related disorder) (Bolger et al., 2000) .
Although, a number of heavy metals are essential for biological systems, it's become toxic when their concentration level exceeds those required for correct nutrition. According to Walter et al. (2005) , metals toxicity occurs when an organisms is unable to cope with additional metal concentration by direct usage, storage and excretion.
Conclusion
The concentrations of heavy metals recorded in edible vegetable obtained from fungicide treated cocoa plantations in Akamkpa Local Government Area of Cross River State, Nigeria were higher than the FEPA and WHO permissible limits. Therefore, edible vegetables and fruits grown in fungicide treated cocoa plantations communities pose health hazards for consumers.
